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2-(2-Hydrazinecarbonyl)pyridine N-oxides, which were derived from pyrrole-2-carbohydrazides and
pyridine N-oxides, were synthesized and utilized as the ligands for copper powder-catalyzed N-arylation
of imidazoles with aryl halides in water. Imidazoles could be arylated smoothly with various aryl halides
to provide the title products in preferable yields without the need of an inert atmosphere.

© 2013 Elsevier Ltd. All rights reserved.

N-Arylimidazoles are common and useful motifs in medicinal,
biological, and material sciences.! The traditional method for the
preparation of these moieties is via SyAr substitution of imidazoles
with activated aryl halides or the classic Ullmann-type coupling
reaction.” However, the drawbacks of these methods are the use
of stoichiometric amounts of copper reagents and high reaction
temperatures. Fortunately, some N- and O-based ligands were
found to facilitate the copper-catalyzed C-N coupling reactions
by Buchwald et al.> and Taillefer et al., respectively. Thereafter,
a series of practical ligands, including monodentate and bidentate
ones, have been developed to expedite the Ullmann-type C-N
formation.”

Recently, water has emerged as a highly desirable solvent for
organic transformations in terms of cost, safety, availability, and
environmental concerns,® of which the copper-based amination of
aryl halides in water have also attracted much attention.” Among
them, Wan and co-workers reported a typical copper-catalyzed
C-N coupling in water with utilization of pyrrole-2-carbohydra-
zides as ligands.”® However, probably because of the poor water-
soluble and unstable nature of the ligand, the relatively high molar
ratio (5:1) of ligand and copper was needed. At the same time, Zhou
and co-workers’? reported pyridine N-oxide could efficiently pro-
mote Cu-catalyzed N-arylation of imidazoles in water, and superior
solubility of the ligand maybe played an essential role. Therefore,
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we reasonably assume that 2-(hydrazinecarbonyl)-pyridine
N-oxides, which replaced pyrrole ring with pyridine N-oxide, might
be a novel series of ligand and should possess higher efficiency for
Cu-based C-N coupling reactions due to the more stable structure
and excellent solubility in water (Scheme 1). Herein, we wish to
report 2-(hydrazinecarbonyl)pyridine N-oxide and its analogue as
efficient N,O-bidentate ligands for the formation of copper-
catalyzed C-N bonds in water.

In our initial experiment, 4-iodoanisole and imidazole were
chosen as the model substrates to optimize reaction conditions
including copper sources, ligands, bases, reaction temperature,
and time, and the results are shown in Table 1.
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Scheme 1. Previous works and our work.
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Table 1
Screening reaction conditions for N-arylation of imidazole with 4-iodoanisole in
water®
FN
O
o base TBAB, - /©/
2a H20,120°C,12h ©O 3a
N
N ﬁ lfl/ N‘N/ E‘/ N u
Q 9 ° o 0
Entry [Cu] Ligand Base Yield” (%)
1 Cul L1 NaOH 29
2 Cul L2 NaOH 65
3 Cul L3 NaOH 75
4 Cul L4 NaOH 85
5 Cul — NaOH 8
6 CuBr L4 NaOH 93
7 CuCl L4 NaOH 94
8 Cu,0 14 NaOH 81
9 Cu L4 NaOH 95
10 CuSO,4 L4 NaOH 49
11 Cu(OAc), L4 NaOH 71
12 CuO L4 NaOH 60
13 — L4 NaOH 0
14 Cu L4 KOH 97
15 Cu 14 K,CO3 76
16 Cu L4 K3PO4 72
17 Cu L4 Cs,C03 67
18 Cu L4 KOH 27°¢
19 Cu L4 KOH 69!

¢ Reaction conditions: 4-iodoanisole (0.5 mmol), imidazole (0.75 mmol), [Cu]
(10 mol %), L (20 mol %), TBAB (30 mol %), base (1 mmol), solvent (1 mL), 120 °C,
12 h

b Isolated yield.

€ Cu (5 mol %), L4 (10 mol %).

9 Reaction temperature: 100 °C.

As expected, the three 2-(hydrazinecarbonyl)pyridine N-oxides
exhibited high catalytic activities. Surprisingly, the coupling prod-
uct was obtained in 85% yield when Cul and sterically hindered L4
were used as the catalyst and ligand (entries 1-4). Only a small
amount of the target product formed without ligand (entry 5).
With the favorable ligand in hand, we next screened the copper
sources, and the preliminary results showed that copper reagents
such as CuBr, CuCl, and Cu powder, combined with L4 afforded
the N-arylated products in excellent yields (entries 6-12). Since
CuBr and CuCl are more expensive and oxidate easily, the most
efficient, cheap, and air-stable Cu powder was selected as the cat-
alyst. To the best of our knowledge, there are only a few examples
for Cu(0)-catalyzed C-N coupling reaction.”™® Control experiment
conducted in the absence of catalyst from the reaction mixture
resulted in no product (entry 13). Investigation of a variety of
bases, including KOH, K,COs, K3PO,4, and Cs,COs, indicated KOH
to be the best one in 97% yield (entries 14-17). Decreasing the cat-
alyst loading or shorter the reaction time all resulted lower yields
(entries 18 and 19). In summary, the optimal conditions for this
cross-coupling in water consist of the combination of Cu powder
(10 mol %), L4 (20 mol %), (n-Bu)4NBr (TBAB) (30 mol %), and KOH
(2 equiv) at 120 °C for 12 h without protection of inert atmosphere.

The scope of the procedure with respect to other substrates was
studied (Table 2). Imidazole could be cross-coupled with most of
aryl iodides to provide good to excellent yields. Electron-donating
groups seemed to be a little beneficial for the catalytic system.
Sterically hindered substrates declined the effectiveness of the
reaction; ortho-subsituted aryl halide gave relatively lower yields
than their para- and meta-isomer (entries 6 vs 1 and 5). Extension
of this process to aryl bromide substrates has yielded promising

Table 2
Cu powder-catalyzed N-arylation of imidazoles with aryl halides using 2-(2-tert-
butylhydrazinecarbonyl)pyridine N-oxide as ligand in water®
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2 Reaction conditions: ArX (0.5 mmol), Het-NH (0.75 mmol), Cu (0.05 mmol), L4
(0.1 mmol), KOH (1 mmol), TBAB (0.15 mmol), H,0 (1 mL).”
b Isolated yield.

results (entries 12 and 13). We were pleased to find that the aryla-
tion reactions also proceed with 4-methylimidazole and pyrrole in
76% and 74% yields under standard conditions (entries 14 and 15).
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Scheme 2. Large-scale reaction of N-arylation of imidazole with 4-iodoanisole in
water.

In order to make it to advance, we carried out the reaction on a
large scale by taking 10 mmol of 4-iodoanisole and 15 mmol of
imidazole in 10 mL of H,O at 120°C for 12 h. The reaction
proceeded without any difficulty to obtain good yields of N-aryl
product (Scheme 2).

In conclusion, we have established a simple, environmentally
friendly protocol for the N-arylation of imidazoles with aryl iodides
and bromides promoted by copper powder/2-(2-tert-butylhydr-
azine-carbonyl)pyridine N-oxide catalytic system in water. The
convenient operation, stable and inexpensive catalyst, and envi-
ronmental friendliness, in combination with the efficient process
for large scale preparation, render this method viable for use in
both laboratory research and large industrial scales. Further
investigation to broaden the scope of this catalytic system to other
coupling reaction is currently ongoing in this laboratory.
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